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Saudi ArabiaAbstract This study was conducted in the Assir region of southwestern Saudi Arabia to compare
the activities of honeybee colonies of indigenous Apis mellifera jemenitica (AMJ) and imported Apis
mellifera carnica (AMC) during the late summer and autumn of 2009 and 2010. The results showed
that the workers of the two races exhibited relatively similar forage timings throughout the period
of study (August–November). The highest numbers of foraged workers were recorded at 6:00 am,
10:00 am and 6:00 pm, while the lowest numbers were recorded at 8:00 am, 12:00 pm and 4:00 pm.
Although foraging activity was negatively affected by decreased temperature, AMJ was more resis-
tant to cold than AMC. In the ﬁrst season, the smallest amount of worker brood rearing was
recorded in August, and the highest amount of rearing occurred in November in both races. In
the second season, the smallest amount of brood was observed in October, and the largest amount
of brood was observed in November. Brood rearing and pollen collecting was signiﬁcantly
(P< 0.05) higher in AMJ compared with AMC, while AMC stored signiﬁcantly (P< 0.05) more
honey than AMJ during the tested periods. In AMJ colonies, a positive signiﬁcant correlation was
observed between the area of the sealed worker brood and stored pollen, while a negative but non-
signiﬁcant correlation was observed between the area of the sealed worker brood and surplus
honey. In the AMC colonies, a positive signiﬁcant correlation was observed between the area of
the sealed brood and the stored pollen and surplus honey.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Beekeeping in Saudi Arabia is an important facet of the
agricultural economic sector. National development plans
include integrated research, extension, and loan programs for
beekeeping improvement. Increasing the income of Saudi
beekeepers is a highly demanded objective. The estimated
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700,000. Approximately 70–80% of the colonies are composed
of native bees (Apis mellifera jemenitica Ruttner [AMJ]) from
the southwest region reared in traditional or log hives. The
remaining 20–30% of bee colonies include imported bees, espe-
cially Carniolan bees (Apis mellifera carnica Pollmann [AMC]),
housed in modern box hives (Langstroth hives) (Alqarni,
2011). Topographical characteristics, moderate climate and
multiﬂoral sources promote convenient and prosperous bee-
keeping in some regions of Saudi Arabia (e.g., the southwest
region). In spring and early summer, most beekeepers hive
their colonies in the Sarawat Mountains while several impor-
tant bee plants, such as Acacia spp., Conyza spp., Lavandula
spp., and Zilla spinosa, ﬂower. In autumn and winter, the bee-
keepers move to the Tihama coastal region with the blooming
of Ziziphus spina-christi, Acacia assak, Rhanterium eppaposum
and Blepharis spp. (Alqarni, 1995).
Compared with other regions, Assir is the most temperate
area with a mean maximum temperature of less than 32 C,
a minimum temperature below 2 C, and the highest annual
rainfall in Saudi Arabia of 456.6 mm. The productivity of
bee colonies is affected by several internal factors, including
bee race, queen fecundity, colony size, stored food and bee-
keeping practices and external factors such as temperature,
humidity and nectar and pollen sources. Because bees do not
hibernate, the activity of bee colonies is signiﬁcantly affected
by temperature ﬂuctuations (Allen and Jeffree, 1956; Rashad,
1957; Moller, 1958; Hassanein and El-Banby, 1960a,b;
Abd El-Fatah, 1983; Graham, 1999; Heinrich, 1996). Other
important factors include supplementary feeding (Free
and Booth, 1961), seasons (Free and Racey, 1968), intensity
of worker bees, queen age and protection from diseases
(Abdel-Latif and Aboul-Naga, 1975).
Hybrid bees have been shown to outperform their parents
in honey and wax production. However, the hybrids were sim-
ilar to the parent generations regarding swarming, queen
fecundity and the size of the reared brood (Subbotin, 1969).
Brood-rearing activity in F1 hybrid honeybees (Carnio-
lan + Buckfast) was affected to a greater extent by environ-
mental conditions compared with genetic characteristics
(Ruttner and Ruttner, 1976). Hybrid Sudanese bees surpassed
their parents in 10 traits including brood rearing and honey
and pollen production (El-Sarrag, 1977). The F1 hybrid of
AMJ + Carniolan surpassed their parents in 4 producible
and 8 behavioral traits (El-Sarrag, 1993). Sudanese bees exhib-
ited better early brood rearing, pollen storing and ﬂight activ-
ity compared with colonies of AMJ, followed by Carniolan
bees, but Sudanese bees were more aggressive (Gasma, 1982;
Nagi, 1990). Some research was conducted on honeybee
activities in the central region of Saudi Arabia (El-Sarrag,
1993; Al-Ghamdi, 2002; Alqarni, 1995, 2006), in the eastern re-
gion (Al-Kahtani, 2003) and formerly in the Assir region
(Knowles, 1990). However, no research has evaluated the per-
formance of imported bees in southwestern Saudi Arabia. De-
spite governmental efforts to modernize beekeeping practices,
beekeepers in the Assir region follow traditional beekeeping
methods. Assir Beekeepers use only the native bee race and be-
lieve that the imported bees would not perform successfully in
the Assir region conditions. Therefore, the aim of this work is
to evaluate the performance of imported bees compared with
the native bee race in the Assir region. The evaluated activities
included foraging, production of brood, pollen, and honey.2. Materials and methods
2.1. Location
This work was performed in the apiary of the General Admin-
istration of Agricultural Affairs, Abha city, Assir region,
southwest Saudi Arabia during the late summer and autumn
of 2009 and 2010. The geographical coordinates of the site
are N181400250 and E173600350, and the height above sea level
is 2008 m.
2.2. Honeybees
Two honeybee groups were tested; the native race, AMJ,
which was obtained from the Assir region, and the Carniolan,
AMC, which originated from Egypt and was imported to Sau-
di Arabia. Five colonies per race were headed with similarly
aged queens and reared in Langstroth hives. The colonies were
fed and kept to equal strength (5 combs covered with bees per
colony with identical brood and stored food areas) prior to the
experiments. The effects of the local climatic conditions of the
Assir region on the activities of the tested colonies were also
studied.
2.3. Foraging activity
Foraging workers (outgoing and ingoing) were counted every
5 min/colony/2 h from 6:00 am to 6:00 pm. The prevalent out-
side temperature (C) and relative humidity (RH%) values
were also recorded (Alqarni, 1995).
2.4. Internal activities
Two experiments were conducted; the ﬁrst experiment was con-
ducted from August 9 to November 11, 2009, and the second
experiment was conducted from August 4 to November 20,
2010. The sealed worker brood, stored pollen, and surplus hon-
ey (sealed + unsealed) areas were recorded every 12 days using
a wired hive frame divided into square inches (Jeffree, 1958).
2.5. Statistical analysis
The experiments were randomized complete blocks designed
under the same conditions during the two study periods. The
data were analyzed, the mean values were tested for signiﬁ-
cance using Duncan’s test and correlation coefﬁcients were
calculated (Duncan, 1955) using SAS (2008) software.
3. Results and discussion
3.1. Foraging activity
Foraging workers (outgoing and ingoing) were counted in col-
onies of AMJ and AMC from August to November (Fig. 1). In
August, foraging activity oscillated over the 12 h of observa-
tions. The activity was mild at 6:00 am and decreased at
8:00 am. The peak activity was recorded at 10:00 am, and
the lowest number of workers was observed at 4:00 pm. An
increase in activity occurred during sunset. The activity trend
was observed in September, in which large numbers of
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Figure 1 Mean numbers (±SD) of foraging workers in native ( ) and exotic ( ) honey bee colonies in Abha, Assir region,
southwestern Saudi Arabia during August–November, 2010. Means of different letters inside each group (out-going or in-going) are
signiﬁcantly different at 5% probability.
Table 1 General mean numbers (±SD) of foraging workers in native and exotic honey bee colonies and prevalent temperature and
relative humidity values in Abha, Assir region, southwestern Saudi Arabia during 2010.
Honey bee races No. workers Temp. (C) RH (%)
Out-going In-going Ranges
A. m. jemenitica 30.7746 B ± 1.5969 35.0952 b ± 2.0075 10–34 20–45
A. m. carnica 37.2603 A ± 1.8209 40.0444 a ± 2.0314
General mean 34.0175 ± 1.2169 37.5698 ± 1.4303
Means of different letters inside the same column are signiﬁcant at 5% probability.
Table 2 Correlation coefﬁcients of foraging workers in native and exotic honey bee colonies and mean temperature and relative
humidity in Abha, Assir region, southwestern Saudi Arabia.
Factors Correlation coeﬃcients (r) and signiﬁcance
No. out-going workers No. in-going workers
A. m. jemenitica A. m. carnica A. m. jemenitica A. m. carnica
Temp. (C) +0.119 (0.035) 0.190 (0.001) +0.162 (0.004) +0.235 (0.000)
RH (%) 0.441 (0.000) 0.146 (0.009) 0.453 (0.000) +0.235 (0.000)
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small numbers of workers were recorded at 8:00 am,
12:00 pm, 2:00 pm and 4:00 pm. The same trend was also
observed in October, but the numbers of workers decreased
in both races especially before sunset, which may be due to
the decreased temperature (range 11–21 C). In November,
no foraging activity was observed at 6:00 am or 6:00 pm in
the workers of both races, which may be due to the obvious
decrease in temperature (range 9–21 C) during these two
periods compared with the activity during other times of the
day. The data showed that the number of foraging AMC
workers was signiﬁcantly (P< 0.05) greater than the number
of AMJ workers (Table 1). A positive correlation was observed
between the prevalent temperature and the number of out- and
ingoing workers in the temperature range of 10–34 C, while a
negative correlation was observed between the relative humid-
ity and the number of out- and ingoing workers in the range of
20–40% during the tested period (Table 2).
Variations in foraging timing have been reported by many
researchers according to varying geographical and environ-
mental conditions. In the Egyptian Delta, the daily active
peaks of foraging occurred at 2:00 pm, 8:00 am, 11:00 am
and 1:00 pm for spring, summer, autumn and winter, respec-
tively. Increased temperature, decreased relative humidity
and solar radiation enhanced ﬂight activity (El-Shakaa et al.,Se
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Figure 2 Mean values (±SD) of sealed worker brood areas (sq.in./
Abha, Assir region, southwestern Saudi Arabia during 2009 and 2010.
probability.1980). Hussein (1997) recorded the highest ﬂight activity at
8:00 am, while the lowest activity occurred after 12:00 pm
when the temperature increased. Although the foraging activ-
ity of A. mellifera adansonii was affected by wind speed, forag-
ing activity negatively correlated with other weather factors
including solar radiation, temperature and humidity (Omoloye
and Akinsola, 2006). Different numbers of foraging workers of
Carniolan, hybrid, and Egyptian honeybees were recorded in
Assiut, south Egypt (Amro, 2009). Boylan-Pett et al. (1991) re-
ported that foraging A. mellifera ranged from 11.7% to 42.2%
of the total population. Foraging activity was correlated with
the plant source because pollen-collecting and nectar-collecting
bees comprised 66% and 31% of the population, respectively
(Lee et al., 1989).
3.2. Brood-rearing activity
Fig. 2 shows the obtained mean values of sealed worker brood
areas in the tested AMJ and AMC colonies, which were re-
corded every 12 days during late summer, autumn, and when
preparing colonies for wintering. In the ﬁrst season, there
was a gradual increase in the activity in brood rearing in
AMJ, with the smallest area (73.00 sq.in./colony) recorded
on August 9th and the largest area (155.50 sq.in./colony)
recorded on November 25th with a general mean ofABCD
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Means in the same year with different letters are signiﬁcant at 5%
260 A.S. Alqarni et al.119.39 sq.in./colony. In AMC, brood rearing ﬂuctuated during
the early readings, while the activity was high in the subse-
quent dates. The smallest brood area (20.00 sq.in./colony)
was recorded on August 21st, while the largest area
(70.00 sq.in./colony) was recorded on November 25 with a
general mean value of 36.40 sq.in./colony. Statistically, AMJ
exhibited signiﬁcantly (P< 0.05) higher brood rearing com-
pared with AMC during the ﬁrst season.
In the second season, brood rearing was signiﬁcantly higher
in AMJ (P< 0.05) compared with AMC (Fig. 2). The lowest
values (65.50 and 35.40 sq.in./colony) were recorded on Octo-
ber 3rd, and the highest values (129.40 and 72.00 sq.in./colony)
were recorded on November 20th with mean values of 92.93
and 55.90 sq.in./colony for AMJ and AMC, respectively.
Honeybees are affected by environmental conditions be-
cause they do not hibernate or diapause (Heinrich, 1996).
Temperature is the most effective factor determining colony
activity and bee vitality. Dramatic variations in temperature
may stop brood rearing or cause bee death (Abd El-Fatah,
1983; Graham, 1999). Increased tolerance to summer heat in
the native race in Saudi Arabia compared with imported (Car-
niolan or Italian) races was reported by Alqarni (2006). The
present ﬁndings indicated that the F1 Carniolan hybrid reared
1.7 times more brood than the native race (Alqarni, 1995).St
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Figure 3 Mean values (±SD) of stored pollen areas (sq.in./colony) in
region, southwestern Saudi Arabia during 2009 and 2010. Means for thPollen, nectar and colony size caused increased brood rearing
(Allen and Jeffree, 1956; Hassanein and El-Banby, 1960a). The
lowest worker brood activity for the Carniolan race in the mid-
dle region of Saudi Arabia was observed in October, while the
highest brood activity was observed in March and April
(El-Sarrag, 1993). The same author reported that solar
radiation affected brood rearing and that the minimum
temperature, maximum temperature, RH% and wind speed
exhibited nonsigniﬁcant effects. Brood-rearing activity varied
in different regions within the same country, which may be
due to local environmental variation. Hussein (1992) reported
that the lowest brood activity in a Yemeni honeybee race in
north Oman was observed between June and August, and
the highest activity was observed in October, January and
February. In South Oman, the lowest brood-rearing activity
occurred in December, June and January, and the highest
activity occurred in November, May and October (Hussein,
1997).
3.3. Pollen-storing activity
In the ﬁrst season, obvious ﬂuctuations were present in the
areas of stored pollen in colonies of both races during the ﬁrst
readings, while the areas increased during the subsequent datesABC
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Performance evaluation of indigenous and exotic honey bee (Apis mellifera L.) 261(Fig. 3). The smallest pollen area (11.00 sq.in./colony) for
AMJ was recorded on September 2nd, while the highest area
(96.25 sq.in./colony) was recorded on November 25th. For
AMC, the smallest value (2.00 sq.in./colony) was recorded
on August 21st, while the highest value (25.25 sq.in./colony)
was recorded on November 25th. The mean pollen areas were
42.09 and 11.80 sq.in./colony for AMJ and AMC, respectively,
and a signiﬁcant difference (P< 0.05) was observed between
the two values. In the second season (Fig. 3), the same trend
was noticed. Increased pollen areas in both races (especially
AMJ colonies) with the lowest area (43.60 sq.in./colony) on
September 21st and highest area (118.00 sq.in./colony) on
October 27th coincided with the ﬂowering of eucalyptus trees
in this period and relatively high values before and after this
date. For AMC, the pollen area was generally lower than the
pollen area of AMJ, whereas the lowest value (4.80 sq.in.) oc-
curred on August 28th, and the highest value (30.0 sq.in./col-
ony) occurred on November 20th. The mean values were
70.40 and 16.40 sq.in./colony for AMJ and AMC, respectively,
and a signiﬁcant difference (P< 0.05) was observed between
the two values.
The present ﬁndings agree with the ﬁndings reported by
Alqarni (1995), which showed that the native race surpassedSu
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Figure 4 Mean values (±SD) of surplus honey areas (sq.in./colony) in
region, southwestern Saudi Arabia during 2009 and 2010. Means for t
probability.the Carniolan or F1 hybrid in collecting and storing pollen.
Honeybees can select pollen sources more easily than nectar
sources, which is due to morphometric characteristics of the
race and climatic and environmental conditions (Damblon
and Lobreau-Callen, 1991). Carniolan bees signiﬁcantly sur-
passed the Italian bees in the amount of daily pollen gathered
(Khanbash, 1989). The native Carniolan colonies stored more
pollen than the Carniolan hybrid or Egyptian bees (Amro,
2009). In two apiaries in the middle region of Saudi Arabia,
brood-rearing activity correlated with monthly pollen storage,
while solar radiation affected pollen gathering (El-Sarrag,
1993).
3.4. Honey-storing activity
Fluctuations in surplus honey areas were recorded during the
late ﬂowering of acacia trees (Acacia spp.) from August to
November in Abha, Assir region. In the ﬁrst season, the sur-
plus honey area gradually increased in AMC colonies
(Fig. 4), which exhibited the lowest value (364.25 sq.in./col-
ony) on September 26th and the highest value (438.00 sq.in./
colony) on August 21st. For AMJ, the lowest value
(242.75 sq.in./colony) was observed on November 1st, andABC ABC
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262 A.S. Alqarni et al.the highest value (387.50 sq.in./colony) was observed on Au-
gust 21st. The mean values in this period were 388.10 and
300.30 sq.in./colony for AMC and AMJ, respectively, and a
signiﬁcant difference (P< 0.05) was observed between the
two values.
In the second season, a similar trend was observed (Fig. 4).
For AMC, the lowest honey area (133.80 sq.in./colony) was re-
corded on August 4th, and the highest area (296.60 sq.in./col-
ony) was recorded on November 20th. For AMJ, the lowest
value (143.00 sq.in./colony) was recorded on October 15th,
and the highest value (242.80 sq.in./colony) was recorded onsq
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Figure 5 Mean values (sq.in./colony) of the tested colony activities of
( ) honey bee colonies at Abha, Assir region, southwestern SaudiNovember 20th. The mean values were 234.80 and
187.28 sq.in./colony for AMC and AMJ, respectively, and a
signiﬁcant difference (P< 0.05) was observed between the
two values. The AMC colonies surpassed the AMJ colonies
in honey storing in the two seasons; however, the AMJ colo-
nies surpassed the AMC colonies in brood rearing and pollen
storing (Fig. 5). The areas of honey ﬂuctuated, which could be
due to honey and pollen consumption for brood rearing, in-
creased population size of the colony or external factors, such
as ﬂowering periods and weather factors. In the AMJ colonies,
a positive signiﬁcant correlation was observed between theOct NovMonths
the two studied seasons (2009 + 2010) in native ( ) and exotic
Arabia.
Performance evaluation of indigenous and exotic honey bee (Apis mellifera L.) 263area of sealed brood and the area of stored pollen
(r=+0.3603, P< 0.0005), while a negative nonsigniﬁcant
correlation was observed between the area of sealed brood
and the area of surplus honey (r= 0.0241, P< 0.8218). In
the AMC colonies, a positive signiﬁcant correlation was
observed between the areas of sealed brood, stored
pollen (r=+0.4004, P< 0.0005) and surplus honey
(r=+0.4151, P< 0.0001).
The present ﬁndings agree with the ﬁndings of Alqarni
(1995), who reported that the highest monthly honey produc-
tion was 1-fold higher in the Carniolan and F1 colonies com-
pared with native bees. The same author concluded that
Carniolan bees were more economical than native bees
through the winter season. Honey production correlated with
several factors including season, source plants, solar radiation,
temperature and rainfall (Perez, 1986 and Lee et al., 1989).
Although colonies in a particular region may have reared more
brood and stored more pollen, they may have failed to produce
more honey than other regions in the same country. This may
be due to the diversity of bee plants (Abdalla, 1988). Carniolan
bees signiﬁcantly surpassed Italian bees in daily pollen gather-
ing (Khanbash, 1989). The highest levels of stored honey in the
Yemeni bees were recorded in July and August, and the lowest
levels were recorded in January.
In conclusion, the results of this study proved that imported
(AMC) bees can be successfully reared in southwestern Saudi
Arabia. Despite lower numbers of brood and pollen areas
compared with the native (AMJ) bees, AMC colonies pro-
duced more honey than AMJ colonies. The large population
of the native bee colonies consumed stored honey at a faster
rate, which resulted in lower honey production.Acknowledgement
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